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WIND-TUNNEL PROCEDURE FOR DETERMINATION OF CRITICAL STABILITY AND CONTROL
CHARACTERISTICS OF AIRPLANES

By Hagrry J. Gorrr, Roy P. Jacksox, and Srevex E. Brrsiey

SUMMARY

This report outlines the flight conditions that are usually
eritical 1n determining the design of components of an airplane
which affect its stability and control characteristics.  The
wind-tunnel tests necessary to determine the pertinent data for
these conditions are tndicated, and the methods of computution
used to translate these data into characteristics which define
the flying qualities of the airplane are illustrated.

INTRODUCTION

The development of flying-qualities specifications (refer-
ences 1, 2, and 3) has established specifie eriteria with which
the characteristies of an airplene normally will be compared.
The problem posed in the preliminary design of an airplane
is the determination of which of these eriteria will influence
the design of the various components of the airplane that
affect the stability and eontrol characteristies, and the
magnitude of the effeet. As an aid in this design problem,
methods have been developed by which the data, obtaned
from wind-tunnel tests of powered models, can be translated
into flying-qualitics characteristics observable in flight tests
(in the terms of which the flying-qualities specifications are
written).  Application of these methods to six different
airplanes has indicated that the same requirements represent
the eritieal conditions on all conventional airplanes, and that

if these conditions are met 1t will follow that the remainder

_of the specifications will be satisfied. By permitting con-
centration on these few conditions a considerable simplifica-
tion of the design process results.

Tt is the purpose of this report to outline the eritical con-
ditions for cach component of the airplane, to indicate the
wind-tunnel tests necessary to determine the pertinent data,
and to illustrate the methods of computation used to trans-
Inte these data into characteristies which define the flying
qualitics of an airplanc.

DISCUSSION

The flying-qualities requirements can be stated under
three major headings:

1. Stability shall exist under specified conditions.

2. Control shall exist under specified conditions.

3. Control forces shall be kept within specified limits,
Each of these requirements is, to some extent, contradietory
to the other two and, furthermore, airplanes now have been
developed to such sizes and powers that the attainment of
all three requirements is quite difficult.  Henee, despite the

fact that from the ultimate flying-qualitics standpoint it is
desirable to satisfy some of the requirements by as ample a
margin as possible, the designer normally will find it expe-
dient to base his original design on small margins, in order
to minimize the difficulty of compromising conflicting re-
quircments.  IT this 1s not done for one requirement, the
attainment of the other two by normal means may be
impossible.

To illustrate this point, the horizontal tail on a typical
high-powered, single-engine airplane must be the smallest

. which will give the required stability in a rated-power climb,

and the elevator must be the smallest which will give the
required control in landing, in order to keep the balance
requirements for low control forees in accelerated maneuvers
within reasonable limits. With regard to wing dihedral,
care must be taken not to exceed the amount required for
the maintenance of lateral stability in the low-speed, high-
power condition where the dihedral effeet will be minimum,
or excessive dihedral effect will result at high speeds.  The
size of the rudder must be limited to the smallest that will
give adequate control in order to keep the rudder-pedal
forees within the required limits.

If it is assumed that the preliminary design has been
completed on the above basis, it will be the function of the
first wind-tunnel tests to obtain data from which any read-
justments in the airplane components, necessary to secure
satisfuctory characteristics, can be determined.  As con-
ceived herein, the first series of wind-tunnel tests would be
restricted 1o the critical conditions with regard to cach
characteristic. A series of tests sufficiently complete to
form a basis for a more general flying-qualities prediction,
or an analysis of secondary effects, would not be made
until the changes shown to be necessary by the first series
of tests had been incorporated in the model.  An outline
for such a preliminary series of tests as just discussed is
given in tables I, TI, and TIT for a single-engine airplane
and in tables T, TI, and IV for a twin-engine airplane. An
atlempt has been made to make these tables self-explanatory
when considered in the light of a flying-qualitics specifi-
cation (references 1, 2, and 3). Figures I to 16 present
a typical set of results. The method of translating the
wind-tunnel results into the terms of the flying-qualities
specification 1s outlined in these figures.

The choice of eritical conditions and the tables have been
made after a detailed study of the characteristies of three
typical single-engine airplanes and three twin-engine air-
planes, with right-hand rotating propellers. In each case,

1
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it was found that if the 10 major points as outlined were
satisfied, the other characteristics called for in the flying-
qualities speceifications would be met. It is believed that
this conclusion will be similar for other conventional
airplanes.

Each of the ten items listed in the tables is directed
toward one major variable in the airplane design.
the usual ease

Iorizontal tail size will be determined by item 1.
FElevator size will be determined by item IT.
Elevator balance will be determined by item TTT.
Minimum dikedral will be determined by item IV,
Mazimum dikedral will be determined by item V.
Aileron size will be determined by item V1.
Aileron balance will be determined by item VIIL
Vertical tail size will be determined by item VITL
Rudder size will be determined by item TX.
Rudder balance will be determined by item X.

Obviously there is a closer interrclation among the charac-
teristics than the above listing implies, and important changes
can be required after consideration of “secondary” variables.
However, to a first approximation the variables listed will
establish the airplane stability and control characteristics
after the first basic arrangement of wing and fusclage 1s
established.  Changes in other features of the airplanc com-
ponents will normally be in the nature of refinements, rather
than major changes.

Thus, in

The surface deflections given in the text are only repre-
sentative values corresponding to the range of deflections
needed in ascertaining the {lying qualities of the airplanes
upon which the study has been based.  An optimum selec-
tion can be best determined from a cursory examination of
the basic runs with control surfaces neutral, with due regard
for the maxmmum deflections upon which the design 1s based.
It wiil be noted that tail-off runs are called for in the tables
only when they are rccessary for the computation of the
flying qualities. However, in order to provide data which
will aid in any necessary redesign, the addition of a tail-off
run for other test conditions is considered desirable.

A typical set of data as obtained from the runs called for
on the tables is shown in the figures and the cross plots and
computation methods necessary to reduce these data to the
form of the flying-qualities characteristics are outlined.  As
in the table, these figures are intended to be in such detail
as to require no further explanation. Tn the computation
procedure certain simplifications and assumptions have been
made, but it is believed that all factors which will bear an
important influence on the final result have been included.

AMES AuroNauricar LLABORATORT,
NaTioNaL Apvisory COMMITTEE FOR AERONATUTICS,
MorrerT FIELD, CATIF.
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TR T\L o %\\ L
Nk SPEa 0 \$ 1] é% S B I S R
\\ N\ N \.—\\-:Q : oy /
NN B , %20 : - 1.
—= AJ, I~ \\\\\‘ ® /
B -1 e \_ -/ JUNUE SR - 02 77/
L (@ -
-8 -4 0 -12 -8 -4 0 0 2 2 4 5
£Elevator deflection, 6,, deg Normal occeleration, n, g
(¢} Model characteristics cross-plotted. (d) Airplane aceelerated flight stick-force characteristics.

FiGURE 4. Variation of elevator stick foree with normal acceleration in steady turning flight.
Flaps and gear up, propeller windmilling. Single-engine_airplane.
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Angle of yaw, ¥, deg

F1cUuRrE 5.-—Dihedral characteristics at low speed. Flaps and gear down, 50-percent normal

rated power.
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-04— — :
-/5 /0 -5 o 5 /0 15 20 0 -.04
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Angle of yaw, ¢ , deg

(a) Model characteristics determined from wind-tunnel tests.

Single-engine airplane,

J‘F-‘ — ——

---Volue obtained from por

Oscillatory, divergence regiom,

08 -12 - -20
Ciy , per rodiorn

(b} Divergence characteristics of airplane,

FIGURE 8,—Lateral-stability characteristics at high speed. TFlaps and gear up, rated power.

Single-engine airplane.
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T T T i ! I
o6 e i mt "_-’d‘ = full down; By = full up ® ® ® @ ® ® ®
. had $ b
~L_| © .
Ve K - B\MM_UJ -Sg ?_ R l- 9 é
> = I e - O
B e e | 8, I =
o4 - g £l p Condition g Eé/« /‘\E ! /P\:'é /-\\% g‘::’
G, = ¥4 downr; bay = V4 up § i;'; 'Elééj‘ N gﬁgz kg | ZE
=) ERES S| N __1"“
N 6. deg d‘._lrdeg - g §:Jé“ AR ENE IS -
. ) (1) Flaps up 2 - & = Bl &
% g . %g ,g _/g N 3% 1 0.05 0100 | 0.01 0.009 | 30°
% v 10c 20 -20 High-speed ! -
g ’,——:f-,. = 6. = reutral Full 061 130 .0 18 40
o -o- O Oty s 34 42 097 80 .078 30°
v 0 2 = — l l Low-speed 2 y !
- Full .050 116 80 .03 40°
5 ] -
- - - 1 V; =0.8 Vimar. =266 mph; Cr=0.18, =0.2°.
3 \o\\<:—-d,,. = full dowry; 6.y = Tull up 21.9 ;?f"; CL=0.86,12p=10.4°L. 0.18, «=0.2
O6+—= - 3 C;p=—0.47 at high speed and —0.43 at low speed (from ref. 6).
\ - }B(-)]icved to be representative of modern high performance airplanes. (Assumes a rigid
wing.
& N =7 (b) Computation table, flaps up.
ogb——L “~iba, = 4 down; O = Va4 Up
L AT yoob—t- 1 ¢ o -+
€9 0O, J€g x High speed--
02 g Run lla 20 0 (2) Flaps down 50 deg S i
: w Ib 15 -5 o
O « Jic 20 -20 % . --Low speed
] 08— — B
o ) 0s, = O = neutral X
o 0 5 ° 1 I Lﬂ I S S I B
q’ " . .
T el - H [<-- Full oileron throw
S 8 < N | _—
3 S - J\u'\ﬂ'x :53 — §
[§] A
< | @ g (e)
-0/ T — - A
—4 o 4 8 /e 16 20 0 20 40 &0 )
Angle of atfock. &, deg Total aileron deflection, 6., deg

(a} Model characteristies determined from wind-tunnel tests. (c) Airplane rolling characteristics with flaps up.

Fi1aURE 7.—Aileron control characterisiics (pb/21” against aileron deflection). Flaps and gear up. Single-engine airplane.

o2
S
¥ -
VD r
S a, deg
s/ 723 300} - —- -
Q (o]
3 N . a 53 0 8Vour = 266 mph
x N \\\ o/0.6 8_, i — - ——
2o > — ¢ /
T T O C
2 ™~ — — S 2001 - —]
Sy
E o B P \"\'S\ : B
3 ¢ — R
<, \R; B
£- -
: : 5 /00 - - B
S 2 /
a < | 7 - -

{}))—.2 (@) i N /«/ (c)

-30 =20 =10 o /10 20 30 0 04 1B 6 >0 >4

Aileron deflection, : .08 :
defle ) 62y 9eg (Pb/ eV )mar, rudder locked
(a) Hinge-moment characteristies determined from wind-tunnel tests.

Note: Hinge-moment coefficients obtained from two-dimensional data. (c) Aileron stick-force characteristies in steady roils.

© ® @ ® ® ® ® ® ® @ - @ @
. Average angle of
Left Right Induced attack over cach | Chay fOr | Cagp for Summa Aileron
Aileron aileron | aileron ¢ ph angle due]  gjleron 5, and | bagand |0 - | Stiek force | ‘control
) deftee- deflec- [\ 27" to rolling L B tion Ch, | ——x—— 3
position : - maz iy « from | o, from a q Ca foree in Ih
t:s“n, tal‘)“- from fig. 7 4 Aa= | | Left @y = Right )L bove £ bov ®-@ ¢ |rloxx®
ay, ap 0.x® A apatia (a) above| (a) above
0 0 0 0 0 0 0 —0.002 -~0.002 0 12.3 0
14 throw 5° —5° 0. 035 1. 4° f-l.4° 1.4° — . 005 0 —0.005 12.3 11
14 throw 10° —10° . 068 2.7° -2.7° 2.7° —. 015 . 006 ~.021 12.3 47
33 throw 15° —15° . 089 3.6° —3.6° 3.6° —. 044 021 —. 065 12.3 123
Full throw 20° —20° .118 H 4.7° —4.7° 4.7° —. 118 041 —. 159 12.3 354

1 Aa=40. X (21)‘1) —b—_{;hx (2‘1"7, %57.3 where 1, and Jy are distances from plane of symmetry to inboard and cuthoard ends of the aileron.
mazx

1 q=0.2° at 0.8 Vmaz=266 mph_; g=181 Ib/sq fi. (b) Computation table.
FIGURE 8.—Variation of aileron stick force with pb/2Y” at high speed. Flaps and gear up. Single-engine airplane.
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<IN | TN
NEREE e 2l ' SO
‘ & v [Zc-/5 - N
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S —\ - e 2e2ot— | — ~04 6, , deg \\\ — —
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A_.,_c\ -06 v o ;gg 25 o4 ‘ \§
_ 1 ,,i,\,,,,
BRN

177/

o
TN
SN
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@] | ™
-30 -20 -/10 a. 10 20 30
Angle of yaw, ¥, deg
. |
(s) Model characteristics determined from wind-tunnel tests, L(a) J
28 —24 -20 -6 -2 -8 -4 o
o o Angle of yow, ¥ , deg
0] @ @ ® ® ® (a) Model characteristics determined from wind-tunnel tests.
Rud?or ¥ for ](",. g for (‘]_=0 Cx. Tor | Pedal force }’(-dal
angle, equa cnuals ’ —————— | force,
g' gcros ) l'((‘)l‘ C:=O ®and @ aCh, lb(‘ ® ® @ ® ® ®
Rudder | ¢ for Ca | 8 for Co=0 Pedal
e “entah” |~ el oana | aon |
—15°R 10.5° 105° L L 070 26.6 59 R & zwro | —yfor Cu=0 > 1
0° -6.7° 6.7°R . 010 26. 6 SR
15° L —17.2° 17.2° R —. 050 26.6 42L 0 —9.1° 9.1°R 0.036 26.6 16 R
20: L —20. 7: 20. 7: R —. 057 26. 6 48 1, 15° L —16.4° 16.4° R —. 090 26.6 40 1.
25° L —25. 0 25.0°R —. 055 26. 6 46 L 20° L. —18. 4° 18.4° R —. 119 26.6 53 1.
25° L. —20.9° 20.9° R —. 130 26.6 58 1L
V;=111 mph ¢=31.5Ib/sq ft., wing loading=32.6 1b/ sq ft.
(b) Computation table. ;=81 mph, ¢=16.8 Ib/sq It., wing loading=232.6 Ib/sq fi.
(b) Computation table,
!
Y 20—t 1 100 @ g, 20— — T —f=—t—t | o0 %
Th [~ ®O VR 0
N M | K 3 |
g9 : 8 R et A e 11— 4 28
IE o1 Force-t TN <3 o& o| Force 2
g 0 R o g o M o 8
Q \\ E \) p \ P_\
. rg/e-
5 ] | TN
sl
TN \ ~ % g N \l§
g 20 - : " ]790 % ¢ 20 : o & 1 -t 00 3
N] A 3
| | N & B . @
@) )
SOl "1 B SRS N L1200 4L . ol b 1l 1 I 200
30 20 0 o /10 20 % 20 10 (@] /0 20 30 40
Leff Right Left Rigfr#

Angle of sidesip, B, deg Angle of sideslip, B, deg

(¢) Airplanc steady sideslip characteristics, (c) Airplane steady sideslip characteristics.

FIGURE 10.~—Variation of rudder angle and pedal foree with sideslip in wave-off. Flaps and

FIGURE 3.—Variation of rudder angle and pedal force with sideslip at low speed. Flaps and
gear down, take-off power, Single-engine airplane.

gear up, normal rated power. Single-engine airplane.
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8 B
br— - l 6., deg} -1 - bl — 11—
o Rurr /da e}
& v 48 -5 _
EA Y
o —
4 |- 25| | . we
~
— - S /; JY —

]
€0 : < Q/g’

g

-

for C€n =0 (from figure /2, part a/

-6 - — — JRSRENY DU RSO DUSI
{(a) |
-8 [ S O R S S do b1 ]
-8 - 0 4 8 /2 /6 20
Angle of yaw, ¥, deg
“(a) Model characteristics determined from wind-tunnel tests,
® ® ® ® ® ® @ ®
afor s})ngl}g of
Rudder | ¢ for Cy Co=0 O for | Pedal force] Pedal Cy for ® ank ¢
el i r L LGal 1016s { equuls
an‘sgrl«, o«}élraols e—qq,u?é: ®and® 4Ch, l‘migo, and & o Cr
Ca=0 ) Ci,
Data tuken from fig. 12, pt. @) From pt. {a) fig. 11
0° —9.0° 9.0° R +0.040 26.6 I7TR —0.325 9.6° R
—15° R —1.9° 1.9° R .222 26.6 98 R —. 130 44°R
—20°R +0. 5° 0.5° 1, .271 26.6 12t R —. 096 2.8°R
—25° R 2.9° 2.9°L .272 26.6 12t R —. 040 1.2 R
V=81 mph, ¢=16.8 Ib/sq ft., wing loading=32.6 Ibjsq ft.
{b) Computation table.
R L
S 200 §
g « 5
O PN N
NS 3N
NS <
L 20 - 100
3 \\ ~Force Q
3 \ ;
S Angle N\ 3
o = o 3
& T
v 20
o S
s
Q‘t /0 /,
\5 Angle of bank-.
S auE
> 0
£ 2o 10 0 0 20 30

Lef? Right

Angle of sideslp, B, deq
{c) Alrplane steady sideslip characteristics.

FicURE 11,—Rudder angle and pedal force necessary to hold wings level in wave-off. Flaps
and gear down, take-off power. Single-engine airplane.
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04D ~~\\\ 1— 1= gf; ‘é%
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y \\E\ AERRE
c. 0 SN
I3 L\ \ K
. LXK \ S R R S
FEANEEAS\SUEE
’ N \’\\\
i < B s e S
_041- \\T\'""'“’_' ~l T
. I~

-.06
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B B - T \7 R
SRS SR S RSN USRS S U e | T~ -
—
o= - WT\\§

s @)
! -8 -4 o <4 8 /2 /6 20
Angle of yow, ¥ , deg
(a) Model characteristies determined from wind-tunuel tests.
®© ® O] ® ® ® ®
C; for full | Cy for full
right aile- | right aile- | Ch | pb2v | ¢, Co due to | Cn to be
ron, see | ron, see from equals | oF o '.’lg ‘o'e c‘i 1?
fig. 7 flg. 7 ref. 6 | —@i@ |romrel. equals by rudder
a=6° a=(° ® X =@+0
0.053 —0. 0050 - 43 0.123 -0.047 ~—0. 0059 —0.0109

(b) Computation table,
deflection.

Yawing-moment coefficient due to maximum right aileron

.02 \ =4
a 0 ——~\-«R 2
Crn ——- Chr
N N

- \ -02

N
© \f 04 2
-30 ~-20 -/0 o’ -30 -20 -/0 o’
6y , deg 6, , deg
(c) Model characteristics of part (a) cross-plotted at ¢ =0°
® ® ® ® ® |
Ca to be
produc- | &  corre- | Ci, corre-
ed by sponding sponding | Pedal force Pedal
rudder, to @ from to@from| —7&F force,
from C? crossplot crossplot 9Ch, b
of (b (c) above. (c)above.
ahove,
0.0109 —235° R 0.335 26.6 150 R

V;=81{ mph, ¢=16.8 lb/sq ft., wing loading=32.8 Ib/sq f¢.
(d) Computation table. Rudder angle and pedal force to hold zero sideslip with maximum
. right aileron.
FicUre 12,—Rudder angle and pedal force necessary to hold zero sideslip in wave-off. Flaps
and gear down, take-off power. Single-engine airplane.
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Ch rRO Y \\‘ g—
L Lol \h\ﬁ— €
a )
_ /L)L, . _ I — ZJ
~24 -20 -/6 -2 -8 -4 o 4
Angle of yaw, ¥ , deg
() Model characteristies determined from wind-tunnel fests,
Note: Fach rudder is cquipped with a boost tab, which is deflected for the
runs.
0} ® ® ® ® ® 0} ®
Ch, | and
Rudder! g for |Bfor Ca=g  “H T Qund@ ¥ i, | Pedal force | Pedal
angle, ' =0 equals - ¢ ,‘{ @ | "o foree,
, for Co=0% poti ¢, IRight €y ) 7 i 1b
a -2.4° 20° R —0.014 +0.034 +0.020 8.5 20R
10° —7.1° 7.I°R —. 044 —. 021 —. 085 38.5 64 T,
20° —13.2° 13.2° R —. 505 +.075 +4-.020 38.5 20 R
25° —13.4° 13.1°R —. 097 . 060 —.037 8.5 7L
15=100 miph, g=25.f Thisq ft,, wing loading =45 Thjsq 1.
(b) Computation table.
| Q
S 20 — 100 v
Q ; )
+ Point from +
\3-\%‘ eXf/’;qOO/OfF;d - Rudder peo’a/ force gg
Lg dota- |- €&
® N 3
5 ¢ S ~ 0%
L Rudder orgle: P
b N | &8
33 33
g 20 \5; - 00 3
) &
20 10 0 10 20 30
Left Right

Angle of sides/ip, B, deg

(¢) Airplane steady sideslip characteristics.

FioUuRe 12, Variation of rudder angle and pedal foree with sideslip at approach speed. Flaps
and gear down, take-off power. Twin-engine, twin-tail airplane.

04 —
.0z ]
7im ,oo”/'n/ Bl 1
0~ T
cy, 0 e ~d
el LTI
O Run 13a, 6,.=free \
04— - —Trim tab zero — o-— -
2 - - —
- - / _
¢ 0 o] —
/0/
o | 21 J— - — —
/<>/
S Al : - —
(2)
-20  -/6 -2 -8 -4 0 4 8
Angle of yaw, ¢, deg
(1) Model charueteristics determined from wind-tunnel tests,
® @ @ O}
A vole Airplane Angle
Anele of | Ridg force | lift coeM- | AEIC!
w'l';ichl(‘,. cocfficient, cient in)_
cquals zero | (Yot @ (‘,,=q"q p=sin
—12.9° ~0.15 1.70 5.1° right
(b) Angle of hank computation table.
Friure 14, Rudder-free (rim characteristics with asymmetric power at low speeds.  Flaps
and gear down, take-off power on right engine.  Teft engine propeller windmilling. Twin-

engine airplane.
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(a) Model characteristics determined from wind-tunnel tests,
® ® ® ® ® ® ® ®
g AC, of
> or trim tab N Pedal
Tongle, | gfor | Coz0 1l 7 ® st fo trimy O Lotal | Predalforce, [
5 n= QI%U{‘C’ g and @ | withsym-} @+@® qCh, b
rn= metric,
power !t
Q° -7.7° 7.7 R —0.014 +0. 008 —0.006 110.6 20 1,
—10° —-1.3° 1.3° R +.020 +. 008 +. 028 110.6 133 R
—20° +2.2° 2.2°L . 100 +. 008 . 108 110.6 515 R
—25° 4.6° 16° L . 180 -+. 008 . 188 110.6 896 R

Vi=130 mph, ¢=43.11b/sq ft., wing loading =45 Th/sq 1,
t Estimated from Item VI,
{b) Computation table.

600

o 9
3 0 - L 400 §
R Max imen <
L. throw, N | };Q
I : Force & %
N & 20 - - 200 g
$ _7 AngleI~QY 3
3 Sl | I
& N 3
o ~a [N
© &

-

8 4 17} 4 8 /2 6

Leff Right

Anole of sideslio, A, deg

(c) Airplane steady sideslip characteristics,

FiGURE 15.—Rudder angle and pedal foree necessary fo hold zero sideslip with asymmetric
power at low speed.  Flaps and gear up, take-off power on right engine, left engine propeller

windmilling. Twin-engine airplane,
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(a) Model characteristies determined from wind-tunnel tests.
@ ® @ ® ® ® @ ®
gor & ACH of
nr =0 i >
Tg;:g{l?r %’for (}qu:ﬂs—\l« C, for "é{,? :3b C), Lotal Tedal force }:)(r((!:,‘
3, = or Co=0| @ and @ | trim with| @4 ® gCs, 1b.
symmetric,
powert
0 —11.3° il.3 R —0.003 0.018 0.015 110.6 ‘H“R
—1¢° —8.5° 8.5° R +. 041 .018 . 059 110. 6 173 R
—20° —3.7° 3.7°R .18 .018 . 136 110.6 100 R
—25° —1.2° 1.2°R . 168 .018 . 186 | 110.6 ’ 56 R
Vi=102 mph, ¢=26.0 Th/sq {., wing loading=451h/sq [t,
I Estimated from item VIT{a.
(by Computation iable, B
. - - 600
Y
o L N - e ~
QO ()
° e O
g 40 N R [ - 400§
3% : + R
N Max iminm L 3
NESd T T T throw - - - >3
Y —o f - ¢ @ ¢
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S 20—t [ - -——H200
:g \ S
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&l IRNEEE
© N 3
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-8 -4 o 4 f¢] /2 6
Right

Angle of sideslp, 8, deg
(e} Airplane steady sideslip characteristics.

F1aURE 16.—Rudder angle and pedal force necessary to hold 10° sideslip with asymmetric
power at low speed. Flaps and gear down, take-off power ou right engine, left engine
propeller windmilling. Twin-engine airplane.
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TABLE T..

TLONGITUDINAL CHARACTTERISTICS

[Ringle- and twin-cngine airplanes)]

STABILITY AND CONTROIL: CHARACTERISTICS

13

Ttem Turpose and requirement Critical condition Run No. Deseription of run Kv'g Remarks

T To determine if the horizontal tail | Critical condition will he in a rated- Polars with rated power, flaps 1
is Iarge enonugh to meet reqguire- power climbh, where destabilizing and gear up.
ment of stick-fixed stability and cffects of power at normal flight
if the elevator-floating character- speeds will be maximum. Speed | Ta.________ do= 0°
isties are such as to maintain range over which stability is re- ! 1h._______. =—5°
stick-free stability under the quired is to be determined  from
specified flight condition, particular specification heing  fol- Polars with A0-percent normal 2

lowed. raled power, Rapsand gear down,
or
Critical condition may ocecur in the
approach, with flaps and gear down
and 50-pereent normal rated power.

It To determine if elevator is large | Critieal condition will be in Ianding Polars with propeller windmill- 3 1 Runs (4a, b, ¢) with incr(‘usnd.in_(-itlon(‘(\ are
enough for necessary control un- where forwardmost center-of-grav- ing, flaps and gear down. for the purpose of determining d Cm/diy
der all normal Night conditions. ity location and ground cffeet will and d(Ch,/di¢ necessary for application of

Tf‘ﬂ""‘i‘l m]?}“mltlm l;ll‘(‘]“\‘?\t"f to method of reference 4. Aar, should he
secure landing attitude. selected as change in angle of attack of
the tail in the minimum speed landing
attitude, computed by method of refer-
ence 4
. Run 5, with tail removed, required for
determination of Ci,, used to compute
Aa and Aag by method of reference 4.
| S Tail off

I Ta determine if elevator balanee | Critical condition will either be in Landing: Data required are same 4
is sufficient to maintain control landing or in accelerated flight with as for IT above.
forces within required limits. propellers windmilling where sta- Accelerated Flight: Polars with

bility will be greatest and conse- propeliers  windmilling, flaps
quently the stick foree per g the and gear up.
. highest.

In landing, a maximum force of 35
pounds for stick-type control and 50
pounds for wheel-type control is
permissible (with trim tab set at
1.4 17 seats, propeller windmilling).

The required stick-force gradient in 8 0° Run 7, with increased incidence, made for |
accelerated flight varies with type 3 —5° the ]mrpo':o of determining dC.../du and |
of airplane and must be determined 8= —10° dcC,, /di, necessary for accelerated flight ,
from flying-qualities specifications , caleulations. Value of Aayy should be
being followed. fe=mormal+Aa;, . s N 1

2 determined as maximum induced angle
7 S= 0° at tail in accelerated flight,
TABLE TT.--LATERAL CHARACTERISTICS
[Single- and twin-engine airplanes]
Ttem Purpose and requirement Critical condition Run No. Deseription of run KY‘E Remarks

IV | To determine if the wing dihedral . The critical eondition will be in the |._______ . __ Yaw run at approach altitude 5 Army calls fl»l'_S{ﬂbilil)’ al 1.2V (pro-
is great enough to provide at | approach with flaps down and with with flaps and gear down and prHer windmilling) with 50-percent rated
least nentral dihedral cffect for ! power on where power and flap ef- S0-percent normal rated power. power, '
the conditions of flight speeified. feets comhine 1o reduce the dihedral Navy calls for stability in “tho approach |

effeet.  (This condition will nor- 0°, ¢y=—30° to 30° wiih considerable power.””  This condi-
mal]y be worse with ailerons free, = 20° ¢=-20°to 0° tiom will n(])‘]nﬂ“) eoincide with the con-
but it can be checked o a very [mr)d : br=—20°d= 0°to50° dition outlined for the Army above.
] first approximation with allerons The angle of attack {or these tests should be
fixed.) chosen on the basis of Cr,,, . oblained in
the wind tunnel (used in computing
1.2Vuan) but the power (7%) should be
set in accordance with the cestimated
speed under full-seale conditions.

V | To determine if proper balanee | Critical condition will be the high- | ___.._. Yaw run at high-speed attitude, 6 | Some doubt exists as to whether or not this
exists between dihedral effect speed (clean) condition where dihe- flaps and gear up, propeller I eriterian ex resses a true maximum limit i
and__directional _stability to dral effeet will be maximum and di- windmilling {or highspeed T.). I for dihedral. Tt is believed that an air- :
avoid oscillatory divergence. rectional stability minimum (due plane can have dihedral under this limit |

Lo small power efleets). 0. 8 =0" ¢=-30° 10 70" and yet have an undesirably large roll !
due to sideslip, and that the tolerable H
amount actually varies \\nh.thf' tvpe of !
airplane. However no specific require-
ment expressing such a criterion exists,

VI To determine if ailerons are suffi- | Critical condition will be at low speed [____._____. Polar with windmilling propeller. 7 + For a single-engine nirplane runs 11a, b,
ciently effective to furnish mini- (flaps up or down) where aileron of- Flaps and gear retracted, and ¢ are needed for computations of

ph N feetiveness is usaally lowest and re- neecessary rudder halance.  Sec Table No.
mum 21 required. . ) ph Bay, =0, 8ag =0 II.
max duction in (‘, ) due to yawing R
3 . 2V ) max Ba, =% Down, dap=% Up
Is greatest. 8a,=Full Down, 5mnfrllli Up
Flaps and gear extended.

84, =0, 8a =0
8o, =31 Down, 3,5=3% Up
da,=Tull Down, dag=Full Up

VII Tadet vrmmc‘ll‘mlvromarv (’l(moly Critical condition will be at highest '___________. Data required will be furnished 8 ! For conventional-type ailerons there are

cnough halanced  to  furnish speed al which requirement a{)r\h(‘i , by runs 104, I:, and ¢, supple- normally sufficient two-dimensional data

fred ph qth Tow normally (.8Vmax. Required foree ; mented by two-dimensional at high Reynalds number which will form
required { oy, WIL oW = and rate of roll varies with type of hinge-moment data. a reliable hasis for stick-force computa-
cnough control forces. airplane, tions.
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TABLE 1IT.

NATIONAL ADVISORY COMMITTEE

FOR

DIRECTIONAL CHARACTERISTICS

[Single-engine airplane]

AERONAUTICS

Item Purpoese and requirement Critical condition Run No. Deseription of run P\‘-’E Remarks
VIIT | To determine if sufficient diree- | Critical condition will be at highest Yaw rins at attitude correspond- 9 | Tt should be noled that the condition for
tional stability is present to angles of sideslip attainable when ing to 1.2Vuan {propeller wind- which the rudder is trimmed will bear an
avoid rudder-foree reversal or propeller is operating at a high milling), flaps and gear up, T: important influence on the rudder-re-
rudder-foree reduction at large thrust coeflicient corresponding to normal rated versal characteristies, Tt is assumed that
angles of sideslip. Dependent upon the airplane config- power the incremental tab effeets can he esti-
aration and power-off stability char- mated and applied to tab-zero data.
acteristics, this condition may be $=0°, y=—30° 1o 30° For airplane being tested for compliance
critical with flaps cither up or down. 6,=d;15°]‘p_0 10 30° for —38 with Army specifications only, the T
Both flight conditions should there- by =207 w:() to —~30° for _;_5 and attitude requirements are less severe
fore be checked. 6,:;]:25“[ =vte U lo " and may be changed to the following:
Flapsup-- T. of power for level flight, Flaps
Yaw runs at attitude correspond- 10 down - attitude of 1.2T7..n (propeller :
ing to 1.1 Vaan (propeller wind. windmilling); T. of 50-percent normal |
milling), flaps and gear down, rated power. ‘
T. corresponding to take-off The above remark also applies to any air-
T ower. Flzmo on which low-speed extreme power
handling charaeteristics are considered of
¢ range= 0° to —30° secondary importance.
3= 0° It should be noted that in computation of
5=15 rudder required to hold steady sideslip,
8 =20° C. due to aileron has been negleeted (figs.
8, =25° 9,10, 13, 14, and 16).

IX | To determine if the rudder is | Critieal condition will be Yaw tuns at attitude correspond- 11 | The data required to determine adverse
large enough for necessary con- | (a) Maintenance of flight with wings in% 1o 1.1174an (propeller wind- | and aileron yaw are obtained from Runs 11
(TO']; under all normal flight con- fevel under high thrust conditions milling), flaps and gear down, 12 a, b, and c.
ditions. of wave-off, where considerable right T. corresponding to  take-off For_alrplanes being tested for compliance

rudder is required to neutralize power. with Army specifications only, analysis
effeets due to slipstream twist may be confined to condition (b), and
¥ range=—10° to 20° attitude changed to 1.2Va.u (propelier
or &= 0° R'jt{dmilling) with 7' for power for level

= ight.

(b) Mamtenance of zero sideslip for & The above remark also applies to any air-
above condition with «ufficient reserve 8, =-25° plane on which low-speed extreme power
rudder to compensate for adverse yaw handling characteristies are considered
induced by full right aileron deflection. of secondary importance.

X | To determine if the rudder has | Critical condition will occur when at- Data required will he furnished 11 : The condition specified will normally give
sufficient balanee to keep the tempt is made to perform maneu- byrunsofitem1 IX above. Orig- | and higher pedal forces than will be encoun-
! prdal forces within the required vers listed under TX above (without inal rudder trim with minimum 12 tered in a termingl velocity dive provided
180-pound limit. atd of a trim-tab adjustment) after power assumed to exist with tab the rudder is assumed to be trimmed for
an extreme change of power. neutral. high-speed flight. before the dive is en-

tered.  Assumption of less favorable orig- |

inal rudder trim may make the dive con- |

dition eritieal. :




WIND-TUNNEL DETERMINATION OF CRITICAL STABILITY AND CONTROL CHARACTERISTICS

TABLE IV.— DIRECTIONAL CHARACTERISTICS

[Twin-engine airplanes]

Ttem Turpose and requirement Critical condition Run No. Description of run {}‘5 Remarks
VIIT | To determine if sufficient diree- | (a) Critical condition will be at high- (a) Yaw run at approach attitude, 13 : (a) Army calls for rudder-free directional
tional stability is present. est angles of right sideslip attainable with flaps and gear down, T as slability at 1.2V (propeller wind-
(a) To avoid rudder-pedal force when the propeller is oprrating at called for by requirement (hoth milling) with 50-percent rated power and
reversals or reduction al large a high-thrust coefficient. engines operating). tab set for trim at zero sideslip.  Ca, for
angles of sideslip. (by The critical condition will be tab can be estimated.
represented by the fajlure of one Yaw range=0to —30° Navy ealls for no reduetion of rudder-pedal
and engine shortly after take-off. 3= 0° foror as the angle of sideslip is inereased,
r=10° with take-off power and necutral trim
(b) To permit the airplane to be 8, =20° tab. As the Navy docs not give a defi-
balanced directionally in steady ,=25° nite mmimum speed, LI Vau (propetler
flight, with rudder free and | windmilling) is assumed to be the lowest
asymmetrie power by banking (b) Yaw run at attitude corre- speed at which this requirement need
to a moderate angle. sponding to 1.2V.an, flaps at be met.
take-off ~ setting, gear down. Runs in right sideslip are called for since
Take-off power on one engine; normally this will represent a more ex-
other engine, propeller wind- treme condition than left sideslip.
milling. 14 [ (b) This requirement is not called for by
Make runs with the rudder free the Army. Navy specifieations fequire
and the ailerons set with full angle of bank to be limited to 15°, 25°, or
deflection in direelion to bring 35°, depending on type of airplane. R
wing with dead engine up.
130 Right engine operating
=0to —30°
13h ... T.eft engine operating
=0 tov 30°
v IX | To determine if the rudder is capa- Critieal condition will be after single- (a) Yaw runs at attitude corre- 15 | (a) This requirement applies only to Navy
i ble of maintaining the required engine failure where the rudder con- sponding to 1.2V, flaps and airplanes.
control under all conditions of trol should be powerful enough to gear up. Take-off power on
steady flight. (a) hold zero sideslip al all spreds right engine, left engine, propeller
down to 120 percent of the stalling windmilling.
spred in the clean condition,
Yaw range=—20° to 10°
or 14a. ... 8= °
4 8=
(b) Told at least 10° of sideslip at 120 &=
pereent of the stalling speed in the =
take-off condition.
{b) Yaw tuns at take-off attitude 16 | () This requiremert applies only for
(1.2Vau1) flaps in take-off posi- Army airplanes.
tion, gear down, Take-off power
* on right engine; left engine, pro-
peller windmilling.
Yaw range+5 to —25°
15a = 0°
! &=—10°
& =—20°
§=—25°
X | To determine if the rudder has | Critical condition will be in the fight (a) Dala required are obtained 15 | (a) Most severe requirement applied by
enough balance to keep the rud- condition (a) and (b) listed above. from Run 13 above. 1 the Navy (with respeet to rudder pedal
der-pedal forees within the 180- (by Data required are obtained | &M forces).
pound limit. from Run 14 above. 16 | (b) Requirement (b) is usually less severe
- than (a) but is the most severe applied
by the Army.
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APPENDIX

SYMBOLS

deflection of control surface

change in angle of attack at wing due to ground cffect
or change in angle of attack (over aileron station)

" due to roll

change in down-wash at tail due to ground effect

change in angle of attack of tail due to ground effect

change in angle of attack of tail due to induced angle
in accelerated flight -

lift coeflicient of wing and fuselage (exclusive of tail)

angle of incidence of tail

hinge-moment cocflicient

angle of yaw

angle of sideslip

. Thrust

propeller thrust coeflicient (W

yawing moment due to sideslip

rolling moment due to sideslip

rolling moment due to rolling

rolling moment due to atleron deflection

stick foree, pounds

indicated airspeed

length from center of gravity (o 25-pereent N AL C.
of horizontal tail

normal acceleration

acceleration due to gravity

rolling velocity, radians per second

b wing span, feet

q dynamic pressure (_12 pT”)y pounds per square foot
Subseripts:

e clevator

r rudder

ar left atleron

ar right aileron

l tail

L left

R right

NoTr.—8tability axes have been used in the presentation of the data.
Positive deflection of control surfaee is in the direction which will
produce a positive foree (not necessarily a positive moment),
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